INTRODUCTION AND MOTIVATION
We read with interest the paper "A Framework to Evaluate the Benefit of Seismic Upgrading" by Galanis et al. (2018) . It presents a framework based on the Pacific Earthquake Engineering Research Center framework for performance-based design and the actuarial frequency-severity method to evaluate the efficiency of seismic retrofitting measures with two example buildings in Zurich (Switzerland) and L'Aquila (Italy).
Since this paper comes from Switzerland and uses an example application for Zurich, we were surprised that the authors did not mention the current Swiss building code relevant to the seismic safety of existing buildings that contains such a framework and how its application compares with their approach. We do not want to comment on the modeling assumptions of Galanis et al. (2018) but on the developed concepts. The most important point is that the Swiss code goes beyond the proposed framework by providing a risk-based approach, not just performance- be implemented is made based on the absolute level of risk, not just the potential risk reduction with respect to the code for new buildings, as explained in the following.
The prestandard of the Swiss Society of Engineers and Architects (SIA) 2018 for the verification of the seismic safety and risk-based retrofit of existing buildings (SIA 2004) was published in 2004 and updated as the SIA 269/8 building code (SIA 2017) in December 2017. The reader can find a detailed description of its concepts and related research projects in the following literature: Kölz and Schneider (2005) , Vogel and Kölz (2005) , Wenk (2008) , Michel et al. (2010) , Wenk (2014) , Duvernay et al. (2018) , Jamali and Kölz (2015) , and Michel et al. (2018) .
This discussion first presents the SIA 269/8 code and, in particular, the concept of compliance factor, which is missing in the paper of Galanis et al. (2018) , and sets the stage for a comparison between their work and SIA 269/8. The concept of Degree of Seismic Upgrade (DSU) by Galanis et al. (2018) is then analyzed, and the cost-benefit analyses from both approaches are compared for the example building of Galanis et al. (2018) in Zurich. Finally, we share our views on performance-based and risk-based approaches.
CONCEPT OF COMPLIANCE FACTOR
A central concept of SIA 269/8 is the compliance factor α ef f , which indicates the degree of compliance of an existing structure in comparison with the requirements for new structures. The Swiss code only defines the risk for Switzerland, and therefore, only the case of Zurich is analyzed here. Galanis et al. (2018) worked with two example buildings, the second being compliant. Therefore, they study a single noncompliant building, i.e., a single value of compliance factor. In the study, force-based and displacement-based approaches led to similar values because of the chosen model. We follow here the force-based approach for the sake of simplicity. Both building periods are located on the plateau of the design spectrum. The compliance factor for the example building A is as follows: E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 1 ; 4 1 ; 3 0 6
with a g ¼ 0.6m∕s 2 acceleration in Zone 1 where Zurich is located, S ¼ 1.15 for ground type C, a e ¼ 0.05g in lateral strength, and q ¼ 1.5, as assumed by the authors.
The compliant building (building B), following the same approach, has a compliance factor computed as follows:
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 2 ; 4 1 ; 2 0 4
with a g ¼ 0.6m∕s 2 , S ¼ 1.15, a c ¼ 0.09g in lateral strength, and q ¼ 2. This value of q is different from the authors' assumptions but consistent with the code and chosen to set the compliance factor of this building to 1 (code-compliant) for the sake of simplicity and in the spirit of the discussed paper.
RISK CURVE
The SIA 269/8 code defines a risk curve linking the compliance factor to the individual risk (annual probability of death in the building from its collapse following an earthquake) and a relationship between the compliance factor and the risk of direct damage to the building and its content (Figure 1 ). These relationships have been derived for Switzerland alone based on an empirical approach and verified using mechanical approaches (Jamali and Kölz 2015) . The framework developed by Galanis et al. (2018) could be used as a tool to test and generalize such risk curves.
The decision-making in the Swiss code (recommendation of measures, Figure 2 ) is based on an As Low As Reasonably Practicable (ALARP) approach (Schneider 2000) , defining a compliance factor of unacceptable safety of 0.25 (or 0.4, depending on the importance class) corresponding to an individual risk of 10 À5 per year and a value of 1 for fully acceptable safety. Between those values (so-called ALARP region), a cost-benefit analysis must be performed, and only efficient measures, as defined in the following paragraph, must be implemented.
COST-BENEFIT ANALYSIS
According to SIA 269/8, efficient measures, i.e., an efficiency greater than 1, should be implemented. The efficiency is the ratio between the risk reduction in Swiss francs (CHF) per year and the annualized cost of measures computed with a discounting factor of 2% over the remaining time of use. For this cost-benefit analysis, the risk of casualties is computed as the product of the individual risk (Figure 1) , occupancy rate, and value of statistical life, named "maximum accepted life-saving costs" in the code. A value of 10,000,000 CHF is set in the Swiss code. It must be noted that this value, based on the willingness to pay, strongly depends on the type of risk (in this case, a risk on which people have no influence; Schneider 2000) Figure 1 . Risk curves for (a) individual risk and (b) financial risk in SIA 269/8. and the GDP/hab. In the code, it is advised, but not mandatory, to account for the risk to financial assets, computed as the product of the risk of direct damage (Figure 1 ) and the value of the assets (structure and content) and business interruption. Only a share of the value of the content and business interruption, typically 10% and 50%, respectively, is taken into account. Regarding structures with an infrastructure function, a special framework for the cost-benefit analysis is proposed in the code.
COMPARISON OF SIA 269/8 WITH THE APPROACH OF GALANIS ET AL. (2018)
While a building upgrade is defined in SIA 269/8 by the improvement of the compliance factor from α ef f to α int (compliance factor after upgrade) corresponding to an absolute decrease of risk, Galanis et al. (2018) define the DSU that can be written as follows:
E Q -T A R G E T ; t e m p : i n t r a l i n k -; e 3 ; 4 1 ; 2 2 1
DSU depicts, therefore, the improvement of the compliance factor as in SIA 269/8 but relative to the distance to compliance with the code, as seen with a performance-based framework as the target.
Based on this relationship and the risk curve of SIA 269/8, the Avoided Losses (AL) and Avoided Casualties (AC) parameters (Figure 7 of Galanis et al. 2018 ) can be drawn (Figure 3 ). It should be noted that the shape of the risk curve for individuals and direct damage is the same in the Swiss code so that AL and AC parameters are identical for a given compliance factor. This allows a comparison between the two approaches regarding the quantification of damage potential and risk reduction. For the example compliance factor of 0.43, the curves derived from SIA 269/8 and the approach of Galanis et al. (2018) in Figure 3 match reasonably well. However, it is clear from Figure 3 that the shape of such curves strongly depends on the initial compliance factor. This can be easily understood from the shape of the risk curve ( Figure 2) : an improvement in poor buildings leads to a much higher risk reduction than in buildings close to the current code level. Therefore, the DSU parameter alone is clearly not a good parameter to quantify potentially avoided losses from seismic upgrading. Another issue caused by the performance-based framework is that the AC and AL parameters define the current code as an absolute goal, hiding the concept of residual risk. That is, 100% of "avoided casualties" means "with respect to the code." However, code compliance does not guarantee zero probability of damage or casualty; it only defines a relative level of safety that is seldom defined in terms of absolute risk (e.g., Silva et al. 2016 ).
According to SIA 269/8, a compliance factor of 0.43 would lead to the conclusion that commensurate measures to improve the seismic safety should be found. Following the example of Galanis et al. (2018) with a building value of 6.5 million CHF (EUR and CHF assumed to be equivalent, although 1 CHF is about 1 USD), an occupancy rate of 18, a value of statistical life of 10 million CHF, and a remaining lifetime of 30 years, the casualty risk and direct damage risk lead to the following maximum commensurate costs: 34,000 CHF or 0.5% of the building value to go from α ef f ¼ 0.43 to α int ¼ 0.6 52,000 CHF or 0.8% of the building value to go from α ef f ¼ 0.43 to α int ¼ 0.8 60,000 CHF or 0.9% of the building value to go from α ef f ¼ 0.43 to α int ¼ 1.0 The concept is very flexible, allowing consideration of certain risk reductions and not others and allowing evaluation of partial retrofit measures. The approach of Galanis et al. (2018) in defining the optimum DSU for a given compliance factor, a given hazard situation, and predefined levels of retrofitting costs to reach DSU = 1 is much less flexible and intuitive. For example, using Figure 8 for Zurich in Galanis et al. (2018) for a time horizon of 30 years and assumed costs of 10% of the building value, one finds an optimal DSU of 55% (α int ¼ 0.75). The engineer has then to determine if the expected costs to reach this DSU value are compatible with the computed cost (Equation 15 of Galanis et al. 2018 ). This approach is therefore not applicable in practice. One can also notice that the maximum commensurate costs according to SIA 269/8 are much lower in this case than the costs studied by Galanis et al. (2018) , and this difference should be investigated.
DISCUSSION: RISK-ORIENTED VERSUS PERFORMANCE-BASED
Instead of following a risk-oriented approach that would have been possible with their model, Galanis et al. (2018) stuck to a performance-based framework. Although the performance-based approach adapts well to the design of new buildings, we argue that, for the analysis of existing structures, costs for seismic upgrade are so large (Wenk 2008 ) that it deserves a risk-based approach. While it is not realistic to impose upon engineers requirements to develop a fully probabilistic risk analysis, the framework developed in the Swiss code is a good compromise between risk-oriented decision-making and the difficulty in performing a full risk analysis in practice. The most difficult aspect of the risk-based approach to be accepted as a part of the engineering community is that existing buildings satisfying only 25% of the current code and for which efficient measures cannot be implemented will not be retrofitted. In a context of a limited budget, it is, however, necessary to use financial resources for efficient safety measures only. "If our priorities in managing risks are not cost-effective, we are, in effect, killing people whose premature deaths could be prevented…" (Okrent 1980) . The results of Galanis et al. (2018) also show that, for the example building in Zurich, retrofitting up to code is not cost-effective (Figure 9 of Galanis et al. 2018 ) and only retrofitting up to DSU = 60% (α int ∼ 0.85) would be cost-effective for measures of 10% of the building value.
CONCLUSIONS
The Swiss standard for existing buildings has been applied in practice since 2004. It shows an adequate balance between a consistent probabilistic risk-based framework and the necessary ease of use and flexibility for broad application. A large number of seismic assessments and retrofits of existing buildings have been completed in Switzerland using this approach.
The current code SIA 269/8 can and will be improved in the future using research developments such as those presented in Galanis et al. (2018) . These developments are well suited to further test and develop risk-based approaches for building codes and should be compared to existing code-based approaches in order to be really useful. In its actual form, the proposed approach by Galanis et al. (2018) can be used for this purpose but is not, in our opinion, a method that is ready to be used in practice by engineering firms without further conceptual developments and simplifications to achieve the necessary ease of use and flexibility.
